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DRY ETCHING APPARATUS, DRY ETCHING
METHOD, AND PLATE AND TRAY USED
THEREIN

This application is based on application Nos. 2002-249672
and 2002-252153 filed in Japan, the content of which is
incorporated hereinto by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dry etching apparatus, a
dry etching method, and a plate and a tray used therein, and
more particularly to a dry etching apparatus and a dry etching
method suitable for use in texturing the surface of a silicon
solar cell substrate or the like, and to a plate and a tray used
therein.

2. Description of the Related Art

A solar cell is an element that converts incident light energy
into electrical energy. The solar cell is classified into crystal-
based, amorphous-based, and compound-based solar cells
depending on materials used. Among others, crystalline sili-
con solar cells account for a large percentage of the solar cells
currently available on the market. The crystalline silicon solar
cell is further classified into a single-crystalline silicon type
and a multi-crystalline silicon type. A silicon solar cell of a
single-crystal type has an advantage that efficiency can be
readily improved due to the substrate of high quality, but has
a drawback that the manufacturing cost of the substrate is
high. On the contrary, a multi-crystalline silicon solar cell has
a drawback that efficiency cannot be readily improved due to
the substrate of inferior quality, but has an advantage that the
manufacturing cost is low. In addition, improvement in qual-
ity of the multi-crystalline silicon substrate and advancement
in the cell fabrication technique in recent years made it pos-
sible to achieve conversion efficiency of approximately 18%
in the research level.

On the other hand, while multi-crystalline silicon solar
cells have been available on the market because they can be
manufactured at a low cost through mass-production, the
demand is now on the increase due to growing concern about
environmental issues in recent years, and there is a need to
achieve higher conversion efficiency at a low cost.

There have been made many attempts regarding solar cells
to improve conversion efficiency to electrical energy. One of
such attempts relates to a technique to reduce reflection of
light incident on the substrate, by which conversion efficiency
to electrical energy can be improved by reducing reflection of
light on the surface.

In a case where a solar cell is fabricated from a silicon
substrate, reflection can be reduced to some extent by etching
the surface of the substrate with alkaline aqueous solution,
such as sodium hydroxide, to form fine textures (concavities
and convexities) on the surface of the substrate. In a case
where a single-crystalline silicon substrate having a (100)-
plane orientation, a group of myriads of pyramids called a
texture structure can be formed on the surface of the substrate
by the method described above.

Etching with the use of alkaline aqueous solution, however,
depends on the plane orientation of crystals, and for this
reason, in a case where a solar cell is fabricated from a
multi-crystalline silicon substrate, a group of pyramids can-
not be formed homogeneously, which raises a problem that
overall reflectance cannot be reduced effectively. When the
textures cannot be formed homogeneously, incident light can-
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not be taken into the solar cell effectively, and the solar cell
has little hope of improving photoelectrical conversion effi-
ciency.

In order to eliminate such a problem, there has been pro-
posed an idea of texturing the surface by forming fine textures
through the reactive ion etching method when a solar cell
element is fabricated from multi-crystalline silicon (see Japa-
nese Laid-Open Patent Application No. 102625/1997, etc.).
In other words, this idea is to reduce reflectance of a solar cell
using multi-crystalline silicon more effectively by forming
fine texture homogeneously on multi-crystalline silicon
regardless of anomalous plane orientations of the crystals.

A substrate processing apparatus used in the reactive ion
etching method is generally of a parallel plate counter-elec-
trode type, wherein an RF voltage plate is provided on the side
where the substrate is placed and the electrode on the other
side and the internal sidewall are connected to ground. The
interior of the chamber is evacuated, then the substrate is
added by the RF voltage and is subjected to plasma etching
while a constant pressure is maintained by introducing an
etching gas, and a pressure in the interior of the chamber is
restored to atmospheric pressure after the etching is com-
pleted.

Because of the procedure described above, waiting times
for evacuation and leaking to atmospheric pressure are long in
a reactive ion etching apparatus. Moreover, the area of the
solar cell itself is large. Hence, there is a problem that the
manufacturing cost of a solar cell is increased because only a
small number of substrates can be processed at a time.

Accordingly, in the case of using a reactive ion etching
apparatus in the fabrication sequence of a solar cell, a way in
which the number of substrates to be processed at a time is
increased at high tact while ensuring homogeneity of textures
formed the surface of the substrate, or a way in which the area
of a substrate to be processed is increased is crucial.

However, further increment of an area to be processed at a
time gives rise to adverse influence on the homogeneity of the
textures. In particular, in the case of an apparatus with an
etching area larger than 1 m?, it is difficult to ensure the
homogeneity.

More specifically, there arises a problem that etching takes
place in the peripheral portion of the etching region on the
substrate, but the textures are not readily formed.

It is therefore an object of the invention to provide a dry
etching apparatus and a dry etching method that make it
possible to form textures homogeneously on the surface of a
substrate, and a plate and a tray used therein.

BRIEF SUMMARY OF THE INVENTION

A dry etching apparatus according to the invention is char-
acterized by including: a chamber; a tray provided inside the
chamber; a substrate to be etched, placed on a substrate-
placing surface of the tray; and a plate provided with a num-
ber of opening portions and prepared to cover the substrate to
be etched, wherein the plate is arranged in such a manner that,
while covering the substrate to be etched, a distance between
a surface opposing the substrate to be etched and the substrate
to be etched in a peripheral portion is shorter than a distance
between the surface opposing the substrate to be etched and
the substrate to be etched in a central portion.

According to this dry etching apparatus, in a case where a
substrate, placed on the tray, is provided on the electrode
inside the chamber to be etched while being covered with the
plate provided with a number of opening portions, the dis-
tance between the substrate and the plate in the peripheral
portion of the plate is shorter than the distance between the
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substrate and the plate in the central portion of the plate. This
arrangement makes it easier to trap residues generated during
etching in a space between the plate and the substrate, in the
peripheral portion of the etching region. Hence, the formation
of textures can take place easier also in the peripheral portion
of the substrate, which makes it possible to form the textures
homogeneously across the entire surface of the substrate.

Another dry etching apparatus according to the invention is
characterized by including: a chamber; a tray provided inside
the chamber; a substrate to be etched, placed on a substrate-
placing surface of the tray; and a plate provided with a num-
ber of opening portions and prepared to cover the substrate to
be etched, wherein the plate is provided with a protruding
wall on a surface opposing the substrate to be etched.

According to this dry etching apparatus, in a case where the
surface of a substrate is textured by placing the plate provided
with a number of opening portions to cover the substrate
placed on the tray inside the chamber, the residues generated
during etching can be trapped in a space between the plate and
the substrate due to the protruding wall provided to the plate
on the surface opposing the substrate. Textures can be thus
formed efficiently and homogenously on the surface of the
substrate.

The inventions described above are particularly effective
when etching the substrate of a large area larger than 1 m”.
However, the inventions can be used effectively when an
etching area is small. In particular, the inventions are effective
when there is a problem in hardware that the homogeneity
cannot be improved sufficiently by changing the other etching
conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section showing a solar cell fabricated
from a substrate done with surface texturing with the use of a
dry etching apparatus of the invention;

FIG. 2 is aview showing a basic structure of the dry etching
apparatus;

FIG. 3 is a view showing another basic structure of the dry
etching apparatus;

FIG. 4 is a perspective view showing a plate for use in a dry
etching apparatus;

FIG. 5 is a cross section showing a state where the plate of
the invention is provided;

FIG. 6 is a cross section showing a state where another
plate of the invention is provided;

FIG. 7 is across section showing a state where still another
plate of the invention is provided;

FIG. 8 is an enlarged view of the plate of FIG. 7;

FIGS. 9a, 95 and 9c¢ are across-section showing states
where still other plates of the invention are provided;

FIG. 10 is a cross section showing a state where still
another plate of the invention is provided;

FIG. 11 is a bottom view of still another plate of the inven-
tion; and

FIG. 12 is a view showing still another basic structure of
the dry etching apparatus in a state where the plate is pro-
vided.

DETAILED DESCRIPTION OF THE INVENTION

The following description will describe in detail embodi-
ments of the invention with reference to the accompanying
drawings.

FIG. 1 is a view showing a structure of a solar cell fabri-
cated with the use of a dry etching apparatus of the invention.
Numeral 1 denotes a silicon substrate, numeral 2 denotes
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textures formed on the silicon substrate 1, numeral 3 denotes
an impurity diffusing layer on the light-reception surface,
numeral 4 denotes an impurity diffusing layer (BSF) on the
back surface, numeral 5 denotes an anti-reflection layer
formed on the textures 2, numeral 6 denotes a surface elec-
trode, and numeral 7 denotes a back surface electrode.

The silicon substrate 1 is a single-crystalline or multi-
crystalline silicon substrate. The substrate is of either a p-type
or an n-type. The silicon substrate 1 is formed through the
Czochralski method or the like in the case of single-crystal-
line silicon, and through casting process or the like in the case
of multi-crystalline silicon. Multi-crystalline silicon is quite
advantageous over single-crystalline silicon in terms of the
manufacturing costs because it can be mass-produced. An
ingot made through the Czochralski method or the casting
process is sliced at a thickness of approximately 300 um, and
cut into a silicon substrate of a size of approximately 15
cmx15 cm.

The textures 2 are formed on the surface of the silicon
substrate 1 to effectively absorb incident light. Also, on the
surface of the silicon substrate 1 is formed the impurity dif-
fusing layer 3 in which a reverse conduction type semicon-
ductor impurity is diffused. The impurity diffusing layer 3 is
provided to form a semiconductor junction inside the silicon
substrate 1. The reverse conduction type impurity diffusing
layer 3 is formed at a depth of approximately 0.1 to 0.5 um.

The anti-reflection layer 5 is formed on the surface of the
silicon substrate 1. The anti-reflection layer 5 is provided to
take light inside the substrate 1 effectively by preventing light
from reflecting on the surface of the silicon substrate 1. The
anti-reflection layer 5 is formed of a silicon nitride (SiN) film,
a silicon dioxide (SiO_) film or the like having a thickness of
approximately 500 to 2000 A.

It is preferable to form the diffusing layer 4 on the back
surface side of the silicon substrate 1, in which a one conduc-
tion type impurity is diffused at a high concentration. The
impurity diffusing layer 4 is provided to induce an intrinsic
electric field on the back surface of the silicon substrate 1 in
preventing deterioration of efficiency due to recombination of
carriers taking place near the back surface of the silicon
substrate 1.

The surface electrode 6 and the back surface electrode 7 are
formed respectively on the surface and the back surface of the
silicon substrate 1. The surface electrode 6 and the back
surface electrode 7 are formed, for example, by sintering
screen-printed Ag paste and by coating the top with a solder
layer (not shown).

Ashas been described, the fine textures 2 are formed on the
surface of the silicon substrate 1 to take incident light effec-
tively inside.

Referring to FIG. 2 and FIG. 3, the textures 2 are formed as
follows: a gas is kept introduced into an evacuated etching
chamber 18 to maintain a constant pressure, and plasma is
generated by applying RF power to an electrode 9 provided
inside the chamber 18, so that the surface of the substrate 1 is
etched by the action of resulting activated seeds, such as ions
and radicals. This method is referred to as the reactive ion
etching (RIE) method.

Referring to FIG. 2 and FIG. 3, numeral 8 denotes a mass-
flow controller that controls the flow of a gas introduced
inside the chamber 18, numeral 1 denotes a silicon substrate,
numeral 9 denotes the RF electrode, numeral 10 denotes a
pressure controller, numeral 11 denotes a vacuum pump,
numeral 12 denotes an RF power supply, numeral 13 denotes
a tray, alpha-numeral 184 denotes an inlet port introducing a
gas inside the chamber 18, and alpha-numeral 185 denotes an
exhaust port.
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Plasma is generated by introducing an etching gas as well
as an etching-residue producing gas into the apparatus from
the masstlow controller 8 while introducing RF power from
the RF electrode 9 to excite and activate ions and radicals. The
surface of the silicon substrate 1 placed on the top portion of
the RF electrode 9 is then etched by the action of the ions and
radicals.

According to the apparatus shown in FIG. 2, the surface of
a single silicon substrate 1 is etched by providing the RF
electrode 9 inside the apparatus. On the contrary, according to
the apparatus shown in FIG. 3, the surfaces of a plurality of
silicon substrates 1 are etched concurrently by providing the
RF electrode 9 on the outside wall of the apparatus.

A method in which, of all the generated activated seeds, the
effect of etching by the action of ions is enhanced is generally
referred to as the reactive ion etching method. The plasma
etching method is known as a similar method. The reactive
ion etching method is characterized in that distributions of the
kinds of activated seeds acting on the substrate 1 are changed
depending on the chamber structure, the electrode structure, a
generation frequency or the like, and is basically the same as
the plasma etching method in the principle of generating
plasma. The invention is therefore effective not only to the
reactive ion etching method, but also to the dry etching
method in general including the plasma etching method.

According to the dry etching apparatus of the invention,
etching is performed by applying RF power needed to gener-
ate plasma and holding the silicon substrate 1 on the RF
electrode 9 for a predetermined time with a reaction pressure
being controlled by flowing, for example, a fluorine-based
gas, a chlorine-based gas, oxygen, etc. The textures 2 are
thereby formed on the surface of the silicon substrate 1.

Basically, during etching, silicon evaporates upon being
etched, part of which, however, does not evaporate com-
pletely and molecules bond to one another, thereby being left
as residues on the surface of the substrate 1. In other words,
when the surface of the silicon substrate 1 is textured through
the reactive ion etching method or a similar dry etching
method, etching residues, chiefly composed of etched silicon,
are allowed to re-attach to the surface of the silicon substrate
1.

In the invention, a re-attaching rate is accelerated, so that
the textures 2 are formed on the surface of the silicon substrate
1 by using the residues as a micro-mask for etching. It should
be noted that the etching residues are removed in the end.

The textures 2 can be formed in a reliable manner by setting
a gas condition, a reaction pressure, RF power, etc. to comply
with the conditions under which the residues of silicon will be
left on the surface ofthe silicon substrate 1. It should be noted,
however, that an aspect ratio of the textures 2 needs to be
optimized. It is difficult to form the textures 2 under any
condition such that the residues of silicon will not be left on
the surface of the substrate 1.

When etching is performed with the use of the dry etching
apparatus of the invention, the silicon substrate 1 is covered
with a plate 14 provided with anumber of opening portions 15
(see FIG. 2 and FIG. 3). The generation of residues is pro-
moted through etching with the use of such a plate 14, which
in turn accelerates the formation of the textures 2.

FIG. 4 is a schematic perspective view showing one
example of the plate 14. According to the drawing, the open-
ing portions 15 are shaped like elongate slits aligned in par-
allel. However, the opening portions 15 are not limited to the
shape of slits, and can be of an arbitrary shape. A matrix
pattern of circular openings may be adopted, or a zigzag
pattern of a number of dot-like openings may be adopted. The
opening portions 15 may comprise rectangular holes. It
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should be noted, however, that the presence of a non-opening
portion of a large area gives rise to unevenness in etching
below such a portion.

It is also preferable that an open area ratio, which is a ratio
of'the opening portions 15 with respect to the entire area of the
plate 14, is approximately 5 to 40%. When the open area ratio
is less than 5%, a gas needed to etch silicon is not supplied
sufficiently, and a residue forming rate is reduced, which in
turn slows down the formation of textures. Conversely, when
the open area ratio is greater than 40%, the effect of trapping
residues, generated during etching and composed of silicon
compounds, in a space between the plate 14 and the substrate
1 is reduced, and so is the effect of forming the residues.

Itis preferable to perform etching while keeping a distance
D between the plate 14 and the silicon substrate 1 to 5 mm to
30 mm. When arranged in this manner, there can be achieved
an effect that silicon compounds, produced and evaporating
during etching, can be trapped inside a space between the
silicon substrate 1 and the plate 14, which makes it easier for
residues, chiefly composed of silicon, to be generated on the
silicon substrate 1. Hence, not only the generation of residues,
but also the formation of the textures 2 can be promoted at the
same time.

When the distance D between the plate 14 and the silicon
substrate 1 is less than 5 mm, the opening portions 15 in the
plate 14 are transferred as a pattern on the surface of the
silicon substrate 1 when the textures are formed, thereby
leaving unevenness on the surface. Conversely, when the
distance D is greater 30 mm, the effect of generating the
residues faster to promote the formation of the textures is
reduced. Hence, although etching takes place, the textures are
not readily formed.

As a method of maintaining the distance D between the
plate 14 and the silicon substrate 1, as shown in FIG. 4, a
simple method is to maintain a distance by providing a side-
wall portion 16 to the plate 14.

In a case where an etching area is larger than 1 m?, the plate
14 of a large area is manufactured, but the plate 14 bends due
to self-weight. Also, because plasma used for etching heats
the plate 14, the plate 14 may further deform due to self-
weight. Hence, the larger the area of the silicon substrate 1,
the more difficult it becomes to control exactly a distance
between the silicon substrate 1 and the plate 14. In such a
case, an effective countermeasure is to increase the rigidity by
increasing the thickness of the plate 14 or to increase the
height of the sidewall portion 16. A method to reduce the
thickness, and hence the weight of the plate 14 at the center is
also effective. In this case, the thickness of the plate 14 can be
set in relation with the strength, material costs, etching con-
ditions, etc.

The plate 14 is made of either aluminum or glass.

When the readiness in processing is concerned, metal is
preferable as a material of the plate 14. In particular, it is
preferable to use metal when an etching area is large because
glass is so brittle that it readily breaks. However, a material
based on stainless or the like is not suitable because it cor-
rodes when exposed to a gas used to etch silicon.

The plate 14 generates heat because it is exposed to plasma
during etching. Although the extent of rise in temperature
varies greatly with the conditions, because of the sequence
that the temperature of the plate 14 rises in plasma, then the
plate 14 is allowed to stand until it is cooled to normal tem-
perature once the textures are formed, and the substrate is
taken out in atmosphere, a material that can withstand a
temperature difference is preferred for the plate 14.

Considering the processing performance such that allows
various kinds of processing on the plate 14, and a small
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self-weight needed to reduce distortion of the plate 14 as well
as corrosion resistance to a gas used for etching, it is particu-
larly preferable to use a plate 14 made of aluminum in the
invention.

An explanation was given to a silicon substrate as a sub-
strate to be etched by way of example. However, applications
of the invention are not limited to a silicon substrate, and the
invention can be applied to a substrate or a sheet made of
glass, plastic, ceramic, etc.

<Shape A Characteristic to Plate>

Incidentally, one of the factors to form the textures through
dry etching with the use of plasma is to accelerate positive-
charge-carrying ions generated by plasma with an electric
field so as to be incident on the surface of a substrate in a
perpendicular direction.

In particular, in the case of a large-scaled apparatus with an
etching area larger than 1 m?, the textures are formed faster in
the central portion and slower in the peripheral portion.
Regardless of the fact that the textures are formed slower in
the peripheral portion, a quantity of etching in the peripheral
portion is greater or nearly equal to that in the center portion.
This reveals that a gas sufficient to etch the substrate is sup-
plied to the peripheral portion; however, the effect of ions
incident on the substrate through the interplay of the electric
field and the ions is smaller than in the central portion. This is
thought as one of the reasons causing a problem that etching
takes place but textures are not readily formed in the periph-
eral portion of the etching region inside the apparatus.

Another factor to form the textures is a residue forming
rate. The formation of textures can be accelerated by accel-
erating the formation of the residues.

Thus, the problem that the formation of the textures is slow
in the peripheral portion is thought to be solved by accelerat-
ing the formation of residues. The invention uses, as such
means, a method of controlling the distance D between the
plate 14 and the silicon substrate 1. When the distance D
between the plate 14 and the silicon substrate 1 is large, the
effect of trapping the silicon residues generated during etch-
ing in a space between the plate 14 and the substrate 1 is small,
and so is the effect of promoting the formation of residues,
which in turn slows down the formation of the textures. Con-
versely, when the distance D is small, the trapping effect is
increased, and the formation of residues is promoted, which
in turn accelerates the formation of the textures.

In other words, in solving the problem that the texture
forming rate is slow in the peripheral portion, it is structured
in such a manner that the distance D between the plate 14 and
the silicon substrate 1 becomes shorter in the peripheral por-
tion than in the central portion of the plate 14. According to
this structure, the residue forming rate in the peripheral por-
tion is accelerated, and the texture forming rate in the periph-
eral portion can be improved.

FIG. 5 through FIG. 7 are cross sections of the plate 14
according to one embodiment of the invention. Numeral 13
denotes atray, numeral 1 denotes a silicon substrate placed on
the tray 13, and numeral 14 denotes the plate. The plate 14 is
provided with a number of opening portions 15.

As shown in FIG. 5 through FIG. 7, it is structured in such
a manner that the distance D between the plate 14 and the
silicon substrate 1 is shorter in the peripheral portion than in
the central portion of the plate 14.

A concrete method of varying the distance D between the
plate 14 and the silicon substrate 1 is, for example, as shown
in FIG. 5, to provide curved planes to the plate 14, and to place
the plate 14 with the concave plane side being opposed to the
silicon substrate 1. As shown in FIG. 6, a structure such that
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only the inner surface of the plate 14 forms a concave plane as
a whole by increasing the thickness of the plate 14 from the
central portion to the peripheral portion. A structure such that
the inner surface of the plate 14 forms a cone or a pyramid is
also effective.

The inner surface of the plate 14 is not necessarily formed
of'a curved plane. It is sufficient that the entire inner surface
forms a concave or nearly concave plane. As shown in FIG. 7,
aconcave or nearly concave plane may have a step-like struc-
ture comprising a plurality of planes.

FIG. 8 is an enlarged cross section of the plate 14 of FIG. 7.
The internal surface ofthe plate 14 comprises planes provided
with steps E. The steps E shape the internal surface into a
concave or nearly concave plane as a whole. As shown in an
enlarged view of FIG. 8, it is preferable to apply chamfering
to the step portions E to reduce the possibility of the occur-
rence of an abnormal discharge. The chamfering can reduce
the possibility of the occurrence of an abnormal discharge
induced by protrusions formed at the steps.

The outer surface (the surface that does not oppose the
substrate) of the plate 14 can be a curved plane as shown in
FIG. 5 or a flat surface as shown in FIG. 6 and FIG. 7.
Alternatively, it may form a step-like structure like the inter-
nal surface of FIG. 7.

Also, it may be structured as shown in FIG. 9 as another
embodiment of the invention, wherein a plurality of silicon
substrates 1 are prepared, and the silicon substrates 1 are
placed in closer proximity to the plate 14 in the peripheral
portion than in the central portion of the plate 14, so that the
placing surface for the silicon substrate 1 forms a concave or
nearly concave plane as a whole. This structure can be
achieved by disposing a pad 19 or the like between the silicon
substrates 1 and a tray 13 in the peripheral portion and thereby
lifting the silicon substrates 1. A material of the pad 19 is not
especially limited; however, a material excluding a volatile
substance is preferable because it is used in a vacuumed
apparatus. Also, the material needs to withstand at least up to
the temperature raised by heating with plasma.

In order to implement the invention, it is effective to struc-
ture in such a manner that the placing surface of the tray 13 for
the silicon substrates 1 forms a concave plane as a whole
instead of providing the pads 19, so that the thickness of the
tray 13 is thicker in the peripheral portion than in the central
portion. The concave plane of the tray 13 may be formed by
providing a curved plane to the surface of the tray 13 or by
forming the tray 13 of a step-like structure comprising a
plurality of planes. In a case where the tray 13 forms a step-
like structure, it is preferable to apply chamfering to the step
portions as is shown in FIG. 8 to reduce the possibility of the
occurrence of an abnormal discharge. The chamfering can
reduce the possibility of the occurrence of an abnormal dis-
charge induced by protrusions formed at the steps.

Also, as shown in FIG. 10, it is effective to provide a
supporting body 17 between the plate 14 and the tray 13. The
supporting body 17 may be fixed to either the plate 14 or the
tray 13, or fixed to neither of them. It is preferable that the
supporting body 17 is of a simple structure with the smallest
possible surface area to reduce the possibility of the occur-
rence of an abnormal discharge during etching. It is prefer-
able that the supporting body 17 is of a cylindrical structure,
for example.

<Shape B Characteristic to Plate>

FIG. 11 is a bottom view of the plate 14 according to
another embodiment of the invention. FIG. 12 is a cross
section showing the plate 14 provided inside the dry etching
apparatus.
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A protruding walls 16, 20 are provided to the plate 14 on
the surface opposing the substrate 1. This arrangement
secures a space above the substrate 1, surrounded by the plate
14, and the protruding walls 16, 20.

The above-mentioned sidewall portion 16 formed around
the edge of the plate 14 is denoted “protruding wall 16” here,
since it functions a protruding wall of the invention. The
protruding wall may be consisted only of the protruding wall
16 formed in a peripheral portion of the plate 14.

By securing a space above the substrate 1 in this manner, a
concentration of the silicon residues remaining in the space
above the substrate 1, surrounded by the plate 14 and the
protruding walls 16, 20, can stay at a constant level even when
the substrate area is increased, regardless of the positions and
the shapes of the inlet port 18« introducing a gas inside the
chamber 18 and the exhaust port 185. Hence, the residues can
adhere to the surface of the substrate 1 homogeneously, and
the homogeneity in etching can be thus improved.

As shown in FIG. 11, the protruding walls 16, 20 may be
formed in the shape of a cross when the plate 14 is viewed in
a plane. According to this arrangement, the region in which
the etching residues are trapped is reduced to one fourth of the
total, which makes it possible to further improve the homo-
geneity in etching.

It is preferable not to place the silicon substrate 1 to be
etched between the lower end portion 21 of the protruding
wall 20 and the electrode 9. This is because a problem is
raised when the silicon substrate 1 comes in direct contact
with or comes too close to the protruding wall 20 that the
silicon substrate 1 is not etched in such a region.

As shown in FIG. 12, it is preferable that the lower end
portion 21 of the protruding wall 20 abuts on the electrode 9
or the tray 13. This arrangement can prevent an abnormal
discharge between the lower end portion 21 of the protruding
wall 20 and the electrode 9.

The protruding walls 16, 20, together with the sidewall
portion 16 provided along the periphery of the plate 14, serves
well in maintaining the distance D between the plate 14 and
the substrate 1. In particular, in a case where a large number
of silicon substrates 1 are to be etched and the plate 14 of a
large area is needed, the plate 14 warps due to self-weight. In
such a case, the presence of the protruding walls 16, 20 is
effective to prevent warping of the plate 14.

It should be appreciated that the invention is not limited to
the embodiments above. For example, an explanation was
given to a bulk silicon solar cell as an example of a substrate
to be etched; however, applications of the invention are not
limited to the bulk type, and the invention is applicable to a
thin-film or amorphous silicon solar cell. A substrate to be
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etched is not limited to a silicon substrate or a solar cell
substrate, either. The invention can be modified in various
manners within the scope of the invention.
The invention claimed is:
1. A method for producing a solar cell, comprising:
placing a substrate for a solar cell on an electrode inside a
chamber;
covering said substrate with a plate, wherein said plate is
provided with a number of opening portions; and
forming textures on a surface of the substrate by using
residues generated during etching and being chiefly
composed of components of the substrate as an etching
mask, wherein a distance between said substrate and a
surface of said plate opposing said substrate in a periph-
eral portion of said plate is set shorter than a distance
between said substrate and said surface opposing said
substrate in a central portion of said plate.
2. The method for producing a solar cell according to claim
1, wherein said textures are formed by a reactive ion etching
method.
3. A method for producing a solar cell, comprising:
placing a substrate for a solar cell on an electrode inside a
chamber;
covering said substrate with a plate provided with a number
of opening portions;
forming textures on a surface of said substrate using resi-
dues generated during etching and being chiefly com-
posed of components of the substrate as an etching
mask,
wherein said plate is provided with a protruding wall on a
surface opposing said substrate and said protruding wall
is separated from a nearest surface of said substrate by a
space.
4. The method for producing a solar cell according to claim
3, wherein said textures are formed by a reactive ion etching
method.
5. The method for producing a solar cell according to claim
1, wherein said plate is provided with a protruding wall on a
surface thereof opposing said substrate and said protruding
wall is separated from a nearest surface thereof opposing said
substrate and said protruding wall is separated from a nearest
surface of said substrate by a space.
6. The method for producing a solar cell according to claim
3, wherein a lower end portion of said protruding wall abuts
on said electrode.
7. The method for producing a solar cell according to claim
3, wherein the substrate for a solar cell is a silicon substrate.
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